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ABSTRACT

In this report are described the results of chamber tests of
crrbon clothing worn during two wearing trials at Camp Lejeune, W. C.

N
It was found thaﬁéapproximately 2 weeks was the 1imit of the useful
wecring life of carbonffayon cloth of the #176 type.- It was indicated
-hetlthe spun reyon type had better wearing cualities than the other
corbon-rayon types.\
It was'fcund“bhat)H-contaminated worn carbon clothing presents a
potential hozuyd to the wearer as a result of desorption.

The rotio of protection afforded by new and worn ccorbon-rayon
#110 suits against HN~1 wes similar to thet ageinst H,
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INTODUCTION
A, Authorization

1, This work wes authorized under Project 547/41, M.aintenance,
Burcau of Ships", dated 16 December 1940. The problems which viere proposed
for study were given in.Bureau of Ships letter 5-377-+2 (Dz),
Serial 811, of 17 December 1940,

B. Statement of Problem.

2, This investigation was undertaken to evalualte the protection
against vesicant vapors afforded by worn clothing containing activated
carbon,

C. Known Facts Bearing on the Problem and Theoretical Considerations

3. It has been established by wearing trials conducted by this
Laboratory and others that the protective capacity of chemically impreg-~
nated clothing decreases rapidly with even short periods of wear under
serii-tropical conditions., This can be attributed largely to the rapid
loss of active chlorine during Lhe wearing period. Little information
is available on the wearing qualities of carbon clothing, However, the
mechanism by which carbon clothing gives protection is radically different
{rom that by which chemically treated clothing gives protection. There-
fore, the factors which cause the rapid loss of protective capacity of
cheinically impregnuted clothing do not necessarily apply to carbon cloth-
ing. There are two main factors which may affect the protective capacity
of carbon clothing during wear, These are poisoning of the carlon and loss
of carbon from the garment. Substances which might poison the.carbon
during wear include sweat, solvents, oil, gresse, fwnes, fuels, and others,
It has been demonstrated physiolopically, that oil and S-330 Protective
Ointient increase the desorption of vesicants from contaminated carbon
clothing (See NRL Report No. P-2604), Laboratory data have incicated that
other substances might alsq cause the saue effect, The loss of carbon
from the garment will depend in great measure on the method by which the
carbon is incorporated in the cloth., The coateu and iwpregnated types
will lose carbon by "erocking', due to abrasion and flexing of the cloth,
The carbon~rayon types lose carbon due to the brittle aature of the fiber
containing thc carbon, On abrasion and f{lexing, these flbers bresk into
small fragments which gradually break loosc and fall away from th: cloth.

L. The data presented in this report wers taken from chamber tests
of carbon clothing worn in two wearing trials conducted by this laboratory.
These trials were carried out during the swmmersof 1944 and 1945 at Camp
Lejeune, Ny C. The 1944 itrials were concerned primarily with CC-2 impregnated
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clothing. A complete description of the 1944 trials is given in NiL
Report Mo. P-24,06., The 1945 trials were concerned primarily with carbon
clothing and are described in NRL Report No. P-2682,

D. Previous Work Done at This Laboratory.

5. © This report is the fifteenth of a series on '"Chamber Tests with
Human Subjects" in which the results obtained in the evaluation of various
protective equipment against the vesicant effects of persistent chemical
warfare agents are reported, The fourth, fifth, thirteenth and fourteenth
reports of this series, NRL Reports Nos. P-R239, P-2L64, P-260i and P-2¢01
describe earlier work on carbon clothing., NiL Reports Nos. P-2322, P-2510,
P-2570 and P-2655 describe additional studies on carbon clothing including
physiological data, NRL Reports Nos, P-2406, P-2682 and P-2695 describe
wearing trials of carbon clothing conducted by this laboratory.

FXPERIMENTAL
A, Procedure,

6. The procedure employed for the chamber tests with worn carbon
clothing was the same as that for the tests with new carbon clothing and
is deseribed in detail in NRL Report No, P-2701, The tests were conducted
as 1-1/2 layer tests at CTs ranging fram 300-1200 (60 min.) for H; and CT
2000 (60 min.) for HN-l, and at 90CF, 65% R.H. and 2 ~ 2.5 mph wind
velocity. The men were given successive daily cxposures until all had
"broken! or were withdrawn by the Medical Officer for other reasons. The
carbon clothing was worn continuously betwcen exposures except in one test
which will be described later,

B . Results and Discussion of Results.

(1) Suits from 194/, wearing trials,

(a) H Chamber Tests.

7. Three chamber tests were carried out on worn suits made [rom
carbon-rayen cloths #110% and 148, Date from chamber tests with new suits
made {rom these cloths are included for conparative purposes (data from
NRL, Report No. P-2701). The deta obtained in the tests of the worn suits
arc sunmarized in Table I. More complete data are presented in Tables X
through XII in the Appendix.

% The carbon-rayon suits labeled #110 in this report actually consisted
of Suits made from carbon-rayon cloths 10 and #127. The difference
between these cloths is mainly onc of weave and therefore nd distinction
is made between them,
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Table 1

H Chamber Tests - 194L Wearing Trials.

Conditions:  CT 1200 (60 min.); 90°F, 65% t.He

Gloth Wearing No. of No. of Av.No.Exp.  Av.Total CT
Modification Poriod Men Breaks  Tolerated Tolerated
110 None 6 6 5.3 6360
110 1 land,+ 9 days L b4 1.8 2160
110 3 land.+ 5 days L L 1.3 1560
1.8 None 4 2 10.54 12600+
8 5 days jungle war- 5 5 6e2 98L0
fare

&, The results in Table I show that the carbon-rayon #110 suits lost
a large part of their protective c apacity as a result of the landings end
weer, In view of the good proteetion given by the worn carbon-rayon ;148
suits, it is indiceted that the landing operation represented & particularly
scvere type of woer in its effect on the protection given by the carbon-
rayon 7110 suits. Standerd CC-2 impregneted suits worn during 3 landings
+ 5 deys in the same trial tolercted 1.04 (7/8 men "rroken) cexposurcs
(CT = 1200+), thosc worn during 1 landing 4 5 days tolerated 1.3+ (6/7 men
"broken) cxposures (CT = 15604) end those worn during 5 days of simulated
jungle warfare tolercted 2.1 cxposurcs (CT = 2520). Thus, the CC-2 impreg-
natced suits rave less protection ofter wear than the corresponding carbon-
rayon /110 and 148 suits, :

(b) H Dusorption Test

9. The exposcd carbon-rayon ;148 suits were put on by new men
immediately after they had "oroken™ in the chember and werce worn for an
additional 3 dcys. No further uxposurcs werc given, It can be seen in
Table RKIII in Lhe Appendix thol o moderate to inbense vrytheme was susteined
by these men. It is obvious, thercfore, that a significant degree of
dusorption occurred, One man who storted in the chamber test wes withdrawn
after 7 exposurcs because of the burns sustained on the arca subjecent to
where he aceidentally spilled fucl oil on his suit. A test for dusorption
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was also carried out on this suit and the new man also sustained burns
on the same area (See Tables XII and XIII in the Aupendix). This
incident emphasizes the deleterious effect of oil on contaminated carbon
clothing, This effect was uiscussed in NEL eport No., P-2604.

(¢) H Leakage and Desorption Test.

10. New carbon-rayon ;110 clothing does not show any leakage of
H vupor as nmeasured chemically under conditions cowparable to tuose used
for chamber exposurcs (unpublished data)., However, worn carbon clotning
does show leakape so that burns resulting from exposure to H vapor for
worn clothing may be due to both desorption and leakage. In an ctffort
to determine the effect of each factor, the following test was carried
out.

11. Six carbon-rayong #110 suits worn 9 days at Cawp Lejeune
were issued to 6 men (Group 1) whc wore them for exposures in the chamber
only. Upon leaving the chamber, 6 new men (Group 2) put on the suits
and wore them only until time for the next exposure, Whenever a man
from Group L 'broke", another man from a new group (Group 3) took his
place for the exposurcs, Lhen a man in Group 2 'broke", the suit was
withdrawn from the test. The wmen in Groups 1 and 3 wore protective shorts,
those in Group 2 did not. The exposures wviere to H vapor &t CT 1200
(60 uin,) A sumary of the data obtained in this test is presented in
Table I1., Iore complete data are presented in Tables XIV through XVI
in the Appendix,

Table II

H lsakage and Desorption Test

No. of Bxp. No. of Additional Tolal Ho.of No. of Days wear
Suit Tol.(Group 1) Exp. Tol.{Group 3) Dxp, Only Tol. Only Tol.(Gr. 2)

i 1 1 2 4
B 3 - 3 3
c 3 1 4 5
D 7 - 7 5 (#2)%
E 1 1 2 3
r 2. 2. e e
Av. 2.8 103 3.7 14—00

# JMan in Group 2 "broke" before aan in Group l. A new man wore
suit only and tolerated 2 more days before he also "broke'",
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12. It is obvious that, for the worn suits used in this test,
both leakage and desorption took place, The burns resulting from
leakage occurred sooner than those from desorption since the men in
Group 1 tolerated 2.C exposures, whereas those in Group 2 tolerated
4.0 days of wear, This was not entirely consistent, however, since for
suit D 2 men in Group 2 "broke" at the time the man in Group 1 "broke",
That the results of desorption only from the wear of contaminated carbon
clothing can be severe was demonstrated by the scrotal burns sustained
by the men in Group 2. These men did not wear protective shorts and,
as can be seen from Table XV in the Appendix, all sustained crusted
lesions of the s.votum 10 to 15 days after the test, The snall number
of additional cxposures telerated by the .en in Group 3 was expected
since it had been shown by chemicel tests (unpublished cuta) that the
leakage of H through worn carbon clothing increzses with the number of
exposures,

13. Th~ problem of desorption of vesicants from vapor contarcinated
carbon cloth is one of the disadvantages of carbon cloth when compared
with CC-2 cloth, Desorption from CC-2 impre nated cloth is of little
significance sinee, in the cese of H vapor, the aj,ent is neutralized
ropidly by chenricsl rcaction,

(d)  HN-1 Tusts,

4.  One of the advantaypces of carbon cloth over CC-2 impregnated
cloth is the much greater protection it may afford apainst vesicants
in peneral.  Rarlier reports of this seriecs (NiL Heports Nos, P-2464
and P-2701) give dsta obtained with new carbon cloth demonstrating this
advantape. Two tests with worn carbon-rayon cloth #110 were carried
out using HN-1 at a CT of 2000 (60 wmin.) with continuous wear of the
suits, The data are summarized in Table I1I. kore complete data are
presented in Tables XVIT and XVIII in the Appendix.

Table IIT
HN-1 Tests

Conditions: HN-1 at CT 1200 (60 win.); 90°F, 65% R.H. 1-1/2 layer
(carbon-rayon shorts, ploves and socks).

Cloth Lwearing No, of No, of Av.No.,of Exp., Av.Total CT
lodification Period lMien Breaks Tolerated Tolerated
110 None 6 5 5.0+ 10000+
110 1 land, 4+ 9 days L L 2.0 1,000
110 3 land. + 5 days I L 2.8 5600
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15, The data in Tables I and III show that camparable worn
carbon-rayon ;7110 suits gave protection against HN-1 at total CTs of
the order of twice that ageinst H. This approximate ratio is in keep-
ing with the total CTs tolerated by new carbon-rayon 110 suils (See NRL
fleport Ne. P-2701) and thercfoie indicates that the loss in protection
due to wear was comparable for the two agents.

(2)  Suits from 1945 Wearing Trials,

16, In view of the good results obtained with the carbon-rayon
#1148 suits from the 1944 wesring trials the 1945 wearing trials were
carricd oul for a total of 6 weeks of iather vigorous vicer, After suil-
able screening tosts it was evident that standaerd exposures at CT 1200
could not b employed for most of the suits from the 1945 trials. Hunce,
the tests were conducted as 1-1/2 layer tests at CTs of 300 and 600
(60 min,) with continuous wcar of the clothing, For comporative purposcs,
the exposure values obtained for the corresponding new carbon suits (from
N:. feport No. P-2701) src olso included.

(a) Carbon Coatud and Tmpregnated Cloths.

17,  Onc carbon coated and two carbon impregnated type suits were
tested in the chamber, The results obtained are swmerized in Table IV.
More complcte data are presented in Tables XIX through XXII in the Appendix,

Table IV

Carbon Cooted and Impregnated Sulbs

Conditions: H at CT 300-1200 (60 min.), 90°F, 65% H.H.

Suivc wearing CT of No. of No., of Av.No.of Av, Total
Lliodification Period Exp, Men Breaks  dxp.Tol, CT Tol.
" 5-38 None 1200 7 7 6,0 7200
5-38 L Viks, 300 7 7 1.6 480
Mcthocel None 1200 7 6 3.74 LLLOF
n 2 Deys 600 6 6 3.7 2220
Casein None 1200 g ¢ 2,0 2400
t 2 Days 300 6 6 1.8 540
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18. As can be sven from Table IV, the S-38 cerbon coated suits
had lost a very large part of their protective capacity after 4 weeks
of wear, the protection given by the worn suits being less than a
standerd exposurc of CT 1200. The Metiiocel carbon impregnated suits
lost half their protective capacity after only 2 duys of weer ena the
casein impregnated suits lost 3/l of their protective capacity efter
only 2 days of wear. Although the protection given by the worn hMethocel
suits was greater than a standard exposurc ot CT 1200, the rapid loss
of protection on weer showed thoat the wearing quelitites of thesc suits
wos poor, The very large loss in protection duc to wecar of the casein
suits show that these suits had cven poorer wearing gualitices than the
hMuthoeel suits,

(v) Carbon-iayon Cloths,

19. Seven types of carbon-rayon cloth, worn for various periods,
werce tested in the chamber, The carbon-rayon #176 suits werc of thrce
typcs; one was plain, another had rubberized fabric reinforcing patches
on the knees and clbows and the third had carbon-rayon #1176 reinforcing
patches. However, since most of the "breeks" in chamber tests occur
becouse of burns on the shoulders ond back, no distinction hes been
mede among thesc three typas. The date obteined are swmmarized in
Teble V. hore complete data erc given in Tebles XXIII through XXXII
in the Appendix, No doto are aveileble for chember tests of new spun
rcyon suits. Carbon-rayon #190 and 191 cloths arc essentially the same

oxcept for o slight differcnee in the reinforcing thread. It is considered,

therefore, that the exposure valuc for the new earbon-rayon #191 also
applics to the corbon~-rayon /190, This rcasoning zlso applics to the pair
consisting of carbon-rcyon #192 and 193 cloths,

CONFIDENTIAL -7 -



Table V

Carbon-Rayon Suits

Conditions: H at CT 300-2400 (60 min.); 90°F, 65% R.H.

Suit Viearing CT of No.of No.of Av.No,of Exp, Av.Total
Liodification Period Exp, Men Breaks Tole: ated CT Tol.
148 None 1200 4 2 10.5+4 12600+
1,8 L weeks 300 8 2,0 600
176 None 2,00 8 7 Le5¥ 10800+
176 2 weeks 600 6 5 2.04 12004
176 L weeks 300 6 6 2.2 660
176 6 weeks 300 6 6 1.0 300
190 L, weeks 300 5 5 2.0 600
191 None 24,00 q 7 Lol 10560
191 l, weeks 300 5 5 1.6 480
192 L weeks 300 6 6 2,2 660
193 None 2,00 8 7 L9t 11760+
193 5 weeks 300 8 6 2.0+ 600+
Spun 3 weeks® 300 2 1 2.0+ 600+
R 6 weeks 600 " " 2.0 1200

% The suits used in this test were withdrawn from the wearing trials
because they showed signs of having received excessively severe
wear. It is considered, therefore, that the result obtained in this
particular test does not represent the true comparative vearing
qualities of this type of cloth.

20, The duta in Table V show that, in gener:l, the worn suits had
lost a very large part of their protective capacity as a result of the
wear given them. Thus, only the carbon-rayon ;176 suits worn for 2 weeks
and the spun rayon suits worn for 6 weeks gave protection equal to a
standard exposure et CT 1200. In view of the low CTs tolerated by the
other groups of suits, it is indicated that approximately 2 weeks of
fairly hard wear may be considered as the useful wearing life for most of
these corbon-rayon types. The spun rayon type which appeared to give
the best protection has the disadventage of bteing a very heavy material
and was found to be more uncomfortable to wear in hot weather than the
other types.

CONIPIDENTIAL -8 -




2, Several tentative conclusions may be drawn from a comparison
of the results oblained in this series of tests. The carbon-rayon #148
and 176 with 4 weeks wear gave essentially the samc degree of protection.
This indicates that the extra Nylon reinforcement in the carbon-rayon
#176 did not give the extra wearing life that it was expected to give,
The greater protection given by the carbon-rayon #193 over 176 at
6 weeks wear indicctes that o decrease in the carbo. content of the fiber,
from 32% to 28%, gives odded wearing life. This is attributed to the
fact that a rayon fiber containing carbon is wore brittle with a higher
percentage of carbon and is more readily broken on abrasion and flexing.
The protection given by the carbon-rayon 77176 suits with 6 weecks wear
was only slightly better than that given by untrected dungarce suits
(see NIL Report No. P-2579). The results obtained in the carbon-rayon
#176 scrics with verying periods of woer showed that the greatest loss
in protection oceurred during the first two weeks of wear and tapcered
off after that., The results of the tests with carbon-royon #190 cnd 191
indicete that, on wear, PCI ccrbon behaves similerly to the N-182 carbon
used in the bbher types. The results of the tests of the cerbon-reyon
#190 and 191 and carbon-rayon #192 and 193 indiccte no significant
difference in wearing quclities due to the slight. differcenecs in reinforce-
ment of the carbon-rayon thrcads.

22, In gencral the protection giwen by the carbon-rayon suits
from the 1945 wearing trials was unexpectedly low, particularly in view
of the results obtained with the worn corbon-rayon #4148 suits in the 1944
wearing trials., Consideration must be given, however, to the fact that
the preparation of the carbon-rayon yarn from which the suits are mede
is still in tho experimontal stege and thet reproducibility of the quelity
of yarns from diffcrent spinning operutions is ditficult to obtain,
The results obtained in the wearing ond chamber trials, thercfore, cannot
bu considered ss absolutc,.

(c) Analytical Data,

R3. Very few of the worn suits used in these tests were analyzed
for vesieant vapor pick-up, mostly because the number of exposures
tolerated was too low, In a fow cases it was observed that foieign
mztter on the worn suits led to erratic anclytical results and hence
were not considered rcliable. One excuple of the M"pick-up!" rate of worn
carbon clothing is presented to comperc it with new carbon clothing.
Samples from the carbon-rayon #148 suits from the 1944 wearing trials
were onalysed for H "pick-up!" by the NaOCL method, The methods of sampling
end enolysis used were described in NRL Report P-2701.  The results cre
sunmerized in Table VI,
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Table VI

Average Total H "Pick-up" for Carbon-Rayon ;14,8 Suits,

¥'H/em.? After Exposure No,
Suits 1 2 3 L 5 6 7 8 9 10 1l 12

Now#* 21 2 34 73 73 76 83 99 109 112 114 155
Viornit# - 25 33 - 52 - 75~ 101 - - -

% Dota from NRL ieport No, P-2701.
%#% Vorn 5 days of junglc werfarc in 1944 trials,

2. The dote in Toble VI show thet the worn suits picked-up
slightly less H per oxposurc thon the new suits, Aasuming o linecar
rclationship between "pick-up" ond nunber of cxposurcs, & plot of the
data indicatus o Ypick-up" of 13 B’H/cm.z/uxp. for the new suits cnd
11 ¢ H/cm.?/cxp. for the worn suits.

25,  Chemdieal tests (unpublished data) have shown that new carbon-—
rayon c¢loth shows no leckige of H vepor when cxposcd to concantrations
such os arc used in the chember (i.c. 20¥H/1.). Some of the worn carbon-
royon suits, however, do show luckage. Toble VII gives @ few cxemples
of arte obteined in leckege test. The cioths used for the luckege tuests
did not 211 com¢ from suits worn undcr the same conditions os those used
in the chaber, but examples werc chosen which cpproximoted the some
- conditions,

Table VII

Leckage of H Vapor Through Verious Cloths.

Conditions: 1 hour cxposure ot opproximately 20%'H /1,

Cloth Vicaring
Type Modificotion Period % Lockoge
Cerbon-Rayon 110 9 Deys 5.0
n f 110 3 lond, 2.8
" " 118 5 Deys 0
n " 176 3 Viccks Lol
Cerbon-Impregnated Mcethocel 2 Doys 0
CC~-2 Improgneted Aqucous None 1.7
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26.  The dota in Teble VII offer o portial explanation for the
very low order of protcction given by some of the worn suits in the
chembur.  Thus, the carben-rayon 7110 and 176 cloths showed a consider-
able degree of lockage ond also did not give good protection., The
carbon-rayon LG and the Methocel cloths showed no leakage and gave
better protection when compored to that given by the corresponding new
cloths,
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SULMARY AND CONCLUSIONS

1, Chamber tests with H and HN-1 have been conducted to cvaluate
the protoction afforded by various types of worn corbon clothing in an
cffort to determine the effcct of weor on protection. The clothing
uscd in these tests wos from two wecring tricls conducted ot Comp
Lojoune, N, C., during the summers of 1944 and 1945.

2, From the tests of the clothing from the 1944 weoring triels
the follawing conclusions were arewns

(o) Corbon-rayon #110 suits losL < large j.ort of thcir pro-
tective copeeity ns o result of 1~3 amphibious landings followed by
5 - 9 doys wear, However, under the samc or less scverce conditions of
weer, CC-2 impregneted suits grve less protection to H vapor thon the
corresponding corbon-roayon #1110 suits,

(b) Carbon-royon f148 suits lost only o small prrt of their
protective copoeity ofter 5 deys ofuweor under simuloted jungle worfare
conditions,

{£) The worn cerbon-royon #110 suits showed considerablec lcak-
oge to H Vopor when measured both chemicnlly rnnd in the chamber tosts,

{d) The desorption of H from contamincted viorn ccrbon-reyon
7110 cnd 148 suits was sufficicnt to crusc modur-il to scvere burns
on vierring,

(¢) The percenteoge loss in proteetive capecity of cerbon-reyon
#110 suits on woear wos approximctuly the some towards H and HN-1,

3., The wearing periods for the corbon suits in the 1945 wecoring
trials werc too long in anny cnscs. As @ conscguence the proteetion
given by mony of the suits wes of such ¢ low order that some of the
following conclusions must bu considered ¢s only tentotives

(2) Of the suits tested, only the hMethocel carbon impregnated,
with 2 deys wear, the carbon-rayon #176 with 2 wecks wear, end the spun
royon with 6 wecks wear gove protection comparable to onc stendard
exposure ot CT' 1200,

(b) It was indiceted thnt approximctely 2 weeks of fairly
scverce woar under scumi-troplcal conditions woas cbout the liudt for the
use ful wearing life of carbon-rayon suits of the /176 typc,
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(c¢) It vas indicated thot the spun rayon type had better
wenaring 1ife “hon the other carbon-rayon types.

(d) It was indicoted thet the use of different tyves of
Nylon reinforcing of the carbon-royon fiber did not affcct the wearing
quelities meterielly.

(e) It was indicsted thet carbon-rayon cloths containing PCI
and N-182 carbon werce cquivalent in their behevier towords wear,

(£) It was indiented that o carbon content of 28% in the fiber
had bebler wearing qualitiks than one contcining 32% corbon,

(g) Carbon-rayon #176 cloth, worn for 6 weeks, gave essentially
no protection over bhat given by plain untrested dungaree cloth,

4. Analytical data obtained for several of the worn suits showed
that the agent vepor pick-up was lower for the worn suits than for the
new suits and that after wear, carbon-rayon cloths may show considerable
leakage to H Vapor.
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RECOMMENDATIONS

1, It is recommended that carbon-rayon suits of the present
7176 type be considered as having a useful life of approximetely 2
weeks under severe wearing conditions,

2, It is recommended that, subject to confirmation, carbon-rayon
cloths containing approximately 28% carbon be considered superior to
those containing a higher percentage of carbon.

2, It is recommended that the spun rayon type of cloth be
investigated further to confirm its apparent superiorily in wearing
gualities over the other types,
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Appendix
Table VIII

Legend -~ Physlological Readings

Symbol Reaction
E° Mioderate Erythema
E Intense Erythema
B Papular Erythema
NFV - Numerous Pin-point Vesicles
v Vesicle
NV Numerous Vesicles.
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Abbr.

aaf
aar
abd

ale
ane
ar
ash
athi

bt

c
cl

dth
el
fa
igf
il
ing

le
lne
1th
Jum
ne
oint
paf

Legend - . Body Areas

APPENDIX

Table IX

Area

anterior axillary folds

anterior anms
abdomen

axillary folds
anterior legs
anterior neck

arms

anterior shoulders
anterior thighs
axillae

buttocks

7th cervicular region
cubital foscae
clavicles

dorsum of hands
dorsal thorax
elbows

forearms
intergluteal folds
iliac crest
inpguinal region
knees

legs

lateral neck
lateral thorax
lumbar region
neck

Abbr.,

par
pen -
ple
pne
pop
psh
pthi
sc
scr
sh
st
.th
thi
unar
vth
wr

area covered by ointient
posterior axillary folds

CONFIDENTIAL

Area

posterior arms
penis

posterior legs
posterior neck
popliteal fossae
posterior shoulders
posterior thighs
scapulae

scrotum

shoulders

upper sternum
thorax

thighs

upper inedial arms
ventral thorax
wrists



Table X

Carbon-Rayon #110 ~ 1 Landing 4 9 Days lear (1944)

Conditions: H at CT 1200 (60 min.); 90°F, 65% R.H.
1-1/2 Layers (CC-2 impreg. shorts) - Ointment used on neck

Date Started: 9/18/L4

E° scr,thi,kn

No, of Exposures Readings (Hours after last Exposure)
Tolerated ! 2 ! 48
M N 1 [

2 i E sc, sh ' B sc
' EO dth ' EC dth
1 1

1 ' E s¢ ' B sh, sc
1 EO scr 1 '
1 !

2 ' E sh, sc t E sc, dth
' E° dth ' E° sh
1 H

2 ' E sc ' E ash,sc,dth
! t
1 1

AV--’ 1‘8
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Table X1

Carbon-Rayon #110 - 3 landings .+ 5 Days Wear (1944)

Conditions: H at CT 1200 (60 min.); 90°F, 65% R.H.
1-1/2 layer (CC-2 impreg. shorts)- Ointment used on neck

Date Started: 9/18/44

No. of Exposures ) Readings (Hours after last Exposure)
Tolerated ! 24 ' 48
1 1
1 ' E sh,sc ! E sh,sc
! EO dth !
1 1
2 ! E sc,paf,ser ' I sc
' EO thi,kn ' I© sh,scr
i 1
1 ' E sc ' E sc,dth
' E° dth ' EC sh
1 1
1 t E sc ' B sh,sc,thi,kn,le
' EO sh,thi,kn,le t E° ar,fa,cf,pop
Av. 1,3
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Table XII

Carbon Rayon 148 - 5 days of Jungle Warfare (1944)

Conditions: H at CT 1200 (60 min.); 90°F, 65% .H.

1-1/2 Layer (CC-2 impreg. shorts)-Ointment used on neclk

Date Started: 10/31/44

No. of Exposures Readings (Hours after last Exposure)
Tolerated ! 24 ! L8

1 1

» 'K ax v B ax
! EC sh,sc,dh ' EO psh,sc
1 !

7 ' E lum ! E ne,st,lum
1 E° ne,st !
1 1

7 ' E thi,pop ' E thi,psh,sc,pop
' £° psh ' E° ne
1 ]

9 ' E sc,psh ! E pne,sc
' E° ne,cl ' E° ane,lne,psh
1 t

6 ' E psh,sc ' E psh,sc,pne
1 1

VAl ! E kn,athi (Spilled oil ' E kn,thi,lum
' ° sc,lum (on thigh) !
! (not included in av,)
1 1

5% ' & oint, (not included ' E+ oint.
! in av.) t 1° Se
1 1

5t ! B oint, (not included ' E+ oint,
! in av,) 1
t 1

Av, 8,2

Note:’

Two of the men above were withdrawn due to neck burns and one
because he spilled fuel oil on his suit, It was demonstrated
later that the use of ocintment with carbon clothing or con-
tamination of carbon clothing with oil decreases the protection
due to increased desorption of H. Therefore, these men are

not included in the average, After the 5th exposure, CC-2
impregnatecd collars were sewn into the suite to prevent further
burns from desorption. In all subsequent exposures no ointment
was used and a CC-2 impregnated hood was worn during exposure
in addition to the regular hood,
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Table XIII

Test for Desorption from Carbon Rayon #148 worn 5 days of Jungle Warfare

(See Table XII)

Conditions: Wear only, no exposures, 3 days continuous wear.,

1-1/2 Layer (CC-2 impreg. shorts)

Tests started on day each suit was "broken" in chamber exposures,

No. of Previous

Exposurcs ' _Readings (Hours‘after 3 Days Wear)

in Chamber f [0) ! 2, ! L8
1 1 Tt

12 'E° st,psh,sc 1E° face,st 'E sh,cf,sc,paf
1

1
1 1
4 '

7 :E° face :E° face,ne,st
7 'l psh,sc,igf 'E psh,sc
I I
9 : No Readings E° :or Greater
6 : No Readings E° :or Greater
7 'EP athi,kn :E kn,athi,pop

t

1 1
1 1
1 b4
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'EC vth,ax,pthi, pop,
v le

1

'E° face,ne,st

1

'E psh,sc,dth

'EC ne,st

1

1
1

'E® face
]

'E athi kn,pop
'E® face,ash,ax
1

1

1



Table XIV

Carbon Rayon #110 - 9 days wear (194k) - Fxposure Only (Group 1)

Conditions: H at CT 1200 (60 min.); 90°F, 65% R.H.
1-1/2 Layers (CC~2 impreg. Shorts) - Ointment used on neck
The men wore the suits for exposures only.

Date Started: 10/17/L4

Suit"'Hi'. ' No. of Exposures ' Readings (Hours after Last Exposure ).
! Tolerated ! 20 ! L8
t 1 1
A ' 1 ' E thi,kn ! E+ athi,kn
' ' ! I° pthi
1 1 A .
B ! 3 ' T ax,lth,cf,athi ' E ash,ax,af,cf,thi,kn,sec,
! ' kn,sc,dth,paf ' dth,pop
! ' EO st,ash,pthi ' E% ¢l
' ' pop '
1 t t
c ! 3 ' E psh,paf,sc ' E ash,ax,lth,sc,dth,paf
! ! EO gsh,ax,athi; ' EO athi,kn,el
: ' kn,dth !
1 1 |}
D ! 7 ' E sc ' E se
' ' ' E° st,ash
1 1 1
E ! 1 ' E ash,sc,dth, ! E ash,sc,dth,paf
! ' paf ! EO st,lth,sthi,kn
' ' EO athi,kn ' -
t ] t
F ! 2 t B 8¢ ' E sc
t ' EC athi,kn ! EC® ash,athikn
Av, 2.8

#% See also Tables XV and XVI
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Table XV

Carbon Rayon #110 - 9 days Wear (1944) - Viear only (Group 2)

Conditions: H at CT 1200 (60 min.); 90°F. 65% R.H.

1 Layer (plain shorts). No ointment
The men were not exposed in the chamber but wore the
suits continuously between exposures,

Date Started: 10/17/L4

Suit** No. of Exp. No. of Days Total Readings(Hours after last
for Suit Additional ‘Vear Day of licar)
Wear (Days) 0 21
A 2 2 L E4 scr Crusting scr,pen
E ax,aaf,ing,cf, E vth,ash,aaf,lth
pen,thi abd,ing, pop
E° abd, pop E® sc,dth,paf
B 3 0 3 E ne,vth,sh,ar, E+ ser{l? days-
ef,thi,kn,scr crusted scr,pen)
pen,sc,dth, E ne,sh,af, fa,th,
pop,paf cf,thi,ing,kn,
dh pen,sc,ax,bb,
pop
C L 1 5 E ash,st,cl,ing, E ash,vth,aaf,ax,
sc,dth ing,thi,sc,dth
E° ax,kn,psh,bt EO scr,kn,bt
(10 days -
crusted scr)
D (5) 0 5 E ne E sh,sc,ne (15
E° sh,st . days-crusted ser)
EC ser,pen,bt
Dieser 52 Q (2) E sc,dth E ash,vth,sc,dth
E° ash,vth (13 days -
scaling scr)
E 2 1 3 E se,psh B scr (12 days-
E® st,ax,cfl,dth, crusted scr)
paf,el E ne,st,sh,ax,th,
sc,paf
E® ing,kn,bt,
pop,el
F A 0 4 E+ scr,pen E+ se,dth (13 days-
E ash,vth,ne,ax crusted scr)
ing,sc,dth,paf E scr,pen,ash,vth,
EC cf,kn,bt ax,ing,athi,kn,
Av,3.7 Av.0.6 L, 4.0 paf,bt,pop

Exd

deae

See also Tables XIV and XVI

Since syit had not "broken" in chamber but the man in the "wear only"
part of the test "broke", a new man was put in the suit for the
additional wear,



Table XVI

Carbon Rayon #110 ~ 9 Days Wear (31‘.%14) - Bxposure Only (Group 3)

Conditions: H at CT 1200 (60 min.); 90°F, 65% H.H.
1-1/2 Layer (CC-2 impreg. shorts), Ointment used on neck

lien wore suits for exposures only after corresponding men
{rom Group 1 were '"broken",

Date Started: 10/17/LL

Suit®* ' No. of Previous ' No.of Additional ' lieadings (Hours.after last Exp.)
' Ixposures ' __Exp, Tolerated ' 24 i L8
t 1 1 1
A ! 1 ! 1l 'E+ athi,kn 'E athi,kn,ash,
! ! 'E pop : ' aaf,ax
! ! 'E® ash,aaf,ax,abd, 'E° sc,dth,pop
' ' ' sc,dth '
A }] 1 1
B 1 3 1 - 1 - 1 -
1 1 1 t
C ! 3 ! 1l 'L sh,se,paf 'E ash,sc,dth
' ! 'EC st,athi,kn, 'I° st,kn,pop
' ! ' dth,el '
1 ! 1 1
D 1 7 1 - 1 - [ -
1 t 1 1
E ! 1 ! 1 'L st,ash,cf,ax, 'E ash,ax,lth,
! ! ' 1th,ne,sc,dth, * pne,sc,dth,
t 1 ' paf ' paf
! ! 1EC athi,kn,el, 'E° ane,st
pop !
F 2 2 E 1lth,psh E ash,athi,kn,
' EC ash,sc sc,dth
EC pthi
Av. 2.8 Av, 1.3

%%  See also Tables XIV and XV
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Table XVII

Carbon Rayon #110 — 1 landing + 9 days wear (1944)

Conditions: HN-1 at CT 2000 (60 min.); 90°F, 65% R.H,
1-1/2 Layers (Carbon Rayon ;A43 shorts, improvised
carbon coated gloves and socks)

Date Started: 9/11/44

No. of Exposures Readings (Hours after last Exposure )
Tolerated ! 24 ! 4L8
t . '
2 ' E ne ' I+ ne
1 E° sh,sc,dth t E sc,adth
! ! EC sh,igf
1 1
2 * § sh,sc,dth ' E sh,sc,dth
! ' E° ne,aaf
! H
2 'E sc ! E+ ne
' E° ne ' E scr,sc
1 t 50 sh
1 t
2 ! Et ne ! B+ ne
' E° sh- ' E° sh,sc
Av, 2,0
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Table XVIIT

Carbon Rayon #110 - 3 landings + 5 days wear (1944)

Conditions: HN~L at CT 2000 (60 min.); 90°F, 65% R.H,
1-1/2 Layer (Carbon Rayon 143 shorts, improvised carbon
coated gloves and socks).

Date Started: 9/11/44

No. of Exposures Readings (Hours aftér Last Exposure)
Tolerated ! 2l ! 48
t t
3 ' I+ ne ' E° ne,sh
' E sh,sc !
t E° dth '
1 1
3 ' E4 ne ! Ii¢ ne
! ' E° sc
t 1
2 ! NV 1ne 'V 1lne
E ane,pne ! B+ ane,pne
! ' E° st,sh,sc
1 1
3 ' E ne ' E° ne
1 1
Av, 2.8
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Conditions:

Table XIX

Carbon Coated (8-38) - L Weeks Wear (1945)

H at CT 300 (60 min.); 90°F, 65% R.H .

1-1/2 Layer (CC-2 impreg. shorts)

Date 'No, of Exp. 'Readings (Hours after last Exposure)
Started'Tolerated ! 24 ! 48
1 t t )
8/13/L5" 1 ' E cf,psh,sc ' No readings available
! ' E° ne,st,ash,ar,vth, !
' ' thi,kn,le,pop,el, '
' ' Gy, dth '
1 1 1
! 2 ' E ne,st,c{,kn,psh,sc, ' E ne,st,sh,ar,cf,1th,paf,
' ' dth ' sc,pthi,pop,dth
' ' E° ash,ar,ax,athi, ' EC vth,el,le,athi,kn(72 hrs.)
' ' ale,el '
t \J 1
1 LI 1
8/21/45! 2 ' E psh,sc,dth ' E sh,cf,kn,ale,sc,dth
! ' £ ne,st,cf,athi,kn, ' E° ne,st,umar,athi,af,lth,
1 1 - 1 M
. . 310,07 , el, C7
! 1 ' E psh,sc ' K psh,el,sc
! ' E° ne,st,ash,kn,el, ' E° ne,st,ash,ln,Cy,dth
! ! C7, dth !
! 1 t
! 1 ' E psh,sc ' E psh.sc
' ' IO ash,athi kn ' EC ash ef,pne Ath
] 1 1
2 1 § sh,aar,cf,kn,pne, ' Ey cof
t 8¢ ' E sh,aar,sc,dth
1 E° ane,st,lne,umar, ! I° ne,st,umar,ax,lth,athi,
! thi,pop,ple,paf, ' kn,ale,paf, C7: pop
' el,Cy,dth '
2 E sh,cf,sc,dth B+ cf
E° st,umar,pne,paf, E st,sh,zar,sc,dth
Cq,pthi,pop E° ne,umar,paf,el, Gy,
pthi,pop,ple
Av, 1.6
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Table XX

Carbon Impregnated (Methocel) - 2 days wear (1945)

Conditions: H at CT 300 (60 min.); 90°F, 65% R.H.
1-1/2 layers {CC-2 impreg. shorts)

Date Staried: 8/13/45

No. of Exposures Readings (Hours after lLast Exposure)
Tolerated ! 2y ! 72
H t
2% 1 E° st,pne ' 1O st
1 . 1
Va ' No Readings E° or ' E psh,sc
' Greater 1 E° Cy,dth
1 t
1 t

Av, 2.0++

Note: This test was carried out on a screen. The results obtained arc
not included in the cvaluation of this type of cloth,
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Table XXI

Carbon Impregnated (Methocel) - 2 days wear (1945)

Conditions: H at CT 600 (60 min.); 90°F, 65% R.H,

1-1/2 layers (CC-2 inpreg, shorts)

Date Started: 9/12/45

No. of Exposures

Readings (Hours after Last Exposure)

Tolerated ! Uy ! 48

1 : 1

4 ' & athi,kn,pop ' I pop
' E° ne,st,cf,psh,el ' E° ne,st,thi,kn,paf,psh,sc,
' ' dth,ple
1 1

4 ' E psh,sc ' E sh,sc
' E° ane,ash,athi,kn, ' E° ne,st,cf,athi,kn,ale,Cy,
' pe,dth ' dth
1 1

4 ' E poh,paf,sc ! ° ne,st,ar kn,paf,psh,se,dth
' E° ne,st,ash,ar,cf, ! :
! athi,kn,dth !
1 1

4 ! E ane,st,psh,sc,dth ' E psh,dth
' EC ash,cf,athi,kn, ' E® ne,st,sc
! par,el,lne !
1 1

3 ' E sh,athi,kn,paf, ' E sh,aar,cf,athi,kn,pne,paf,
' - se,dth ' sec,dth
' E° ne,st,ar,cf,el, ' E° ane,lne,st,lth,ls,Cq,
! pthi,pop,ple ! pthi,pop (72 hours)
1 '

3 ' § pne,psh,sc,dth ' E ne,st,sh,umar,cf,th,athi,
' E° ane,lne,st,ash, ' kn,paf,sc

cf ,athi,kn E° ale,pop
Av. 3.7
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Table XXII

Carbon Impregnated (Casein} - 2 days wear (1945)

Conditions: H at CT 300 (60 win.); 90°F, 65% .H .
1-1/2 layers (CC-2 impres. shorts)
Date ! No. of Exp, Theadings (Hours after last Exposure)
Started'! Tolerated ! 21 ! 48
! 1 !
8/13/45" 2 ' & athi,kn,ale,psh,sc, ‘'L ne,st,sh,aar,cf,af, th,
! ' dth ' thi,kn,le,pop,Cyp,sc
' 'E° ne,st,ash,ar,af,1th, ' (72 hours)
! ' vth,el,Cy,pthi,pop, '
! ' ople '
! 1 )
' 2 ' ef,len,1e,pop,psh,sc, 'E ne,st,sh,cf,afl,th,thi,
! ' dth ' ! kn,le,pop,sc
! 'E° no,st,ash,aar,af,lth, '} par,el (72 hours)
! ' vth,abd,thi,Cy !
1 1 1
[ [ i ]
9/12/45" 2 'L thi,kn,le, pop,psh, 'E sh,ar,cf,th,abd,thi,
‘ ! ! sc,dth ' kn,le,pop,pne,paf,sc
' 'E® ash,cf,pne '1:°° ane,lne,st
' ! ]
! 1l ' sh,thi,kn,pop,ple, 'E sh,ef,thi,kn,pop,ple,
! ' se ' sc,dth
' 'E° ne,st,aar,umgr,cf, 'EC ne,st,aar,ale
! ' ale,paf,dth !
1 1 1
! 3 'E ah,cf,pal,sc,dth, 'E ne,st,sh,cf,umar,thi,
! ' pthi,pop,ple ' kn,le,pop,paf,sc,dth
! 'FO ne,st,wnar,athi, 1E° aar (72 hours)
! ' kn,ale,par,el '
1 1 1
! 1 ! E sh,ef 'E cf,pne,psh
! ' k¥° ne,st,el,sc,dth 15° ane,lne,st,ash,vth,
! ' ' el,sc,dth
Av. 1.8
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Table XXIII
Carbon Rayon 148 - L weeks vear (1945)

Conditions: H at CT 300 (60 min.); 9O°F, 65% R.H.
1-1/2 lLayer (CC-2 impreg. shorts)

Date ' No. of Exp. '__feadings (Hours after Last Exposure)

Started ! Tolerated ! 2L ! 48
[ i [ [}

8/21/L5 1 ' E athi,kn : ' E athi,kn,ale,psh,sc,dth
! ! EO st,ale,psh,el, ' E° ne,st,ef,C;
! ! sc,dth '
1 1 1
! 3 ' E sh,sc,dth ! E sh,aar,kn,sc,dth,pop
! ' E° ne,st,Cy,pthi, ' E° ne,st,thi,le (96 hours)
' ' pop,ple !
t 1 1

8/28/45 1 2 ' & psh,sc ! E ch,cf,kn,Cy,sc,dth
! ' E® ash,cf,thi,kn,le ' E ne,aar,umar,ax,ale,athi,
! ! pop, Gy,dth ! pop
1 1 t )
! 3 ' E thi,kn,le,pop, ! E sh,aar,thi,kn,le,pop,sc,dth
' ' psh,sc ' E° cf,pne,C7 (120 hours)
! ' E® ne,ash,cf,Cy,dth '
¢ 1 '
! 3 ' E sh,aar,cf, kn,sc ' E sh,ar,cf,sc
! ' E° ne,umar,ax,athi ' E° kn,pne,C7,dth,pthi,pop
' ' ale,Cy,dth '
t t '
! 1 ' E sc ' E cf,sc
! ' E° ne,st,cf,psh,Cy ' E° ne,aar,mumar,ax,athi,kn,
! ! dth ! ale,psh,C7,dth
1 1 1
! 1 ' E sh,sc ! E sh,sc
J ' E° ne,st,Cy,dth i E° ne,st,cf,athi,kn, Cy,dth
t 1 1 :
! 2 * E psh,sc,pop t i sh,cf,kn,sc,dth,pthi,
' ! EC ne,st,ash,aar, ' pop,ple
' ' cf,ax,th,thi, ' E° ne,st,aar,athi,kn,Cy
e ! kn,le,C7 !

hv, 2,0
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Table XXIV

Carbon Rayon #176 - 2 weeks wear (1945)

Conditions: H at CT 600 (60 min.); 90°F. 65% R.H.
1-1/2 layer (CC-2 impreg. shorts)

Date Started: 8/28/45

No. of Exposures ' HKecdings (Hours after last Exposure)

Tolerated ! 2L ! 48

1 1

3 ' E sh ' & ash (120 hours)
' E° kn,pne,el,sc,dth, * E° kn,psh,sc
! pthi,pop,ple !
t ?

1 ' E ne,st,sh,aar,cf,Cy ' E ne,st,sh,aar,cf,Gy,sc,dth
' sc,dth ' E® umar,ax,lth,thi,le kn,pop
' £° umar,vth,abd,thi, '
! kn,le,pop,paf !
] t

2 ' E psh,sc ' E psh,sc
' E° ne,st,athi,kn, ' E° ne,st,cf,athi,kn,ale,Cy,
' ale,Cy,cth ' dth
T t

1 ' E athi,kn,sc ! E athi,kn,sc
' E° ne,st,psh ' E°® ne,sh,aar,umar,cf,ax,ale,
! ! dth
1 1

3% ' E° ne,st,umar,aar, ' E° ne,st,sc (120 hours)
' psh,Cy, sc,dth !
! 1

2 ' E kn,psh,sc ' E psh,sc
' £° ne,st,ash,aar, ! EO ne,st,ash,aaryumar,cf,#x,
' umar,cf,ax,thi, ! athi,kn,ale, Oy,dth
' pop,le, Cy,dth ' .

Av. 2,04
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Table XXV

Carbon Rayon 176 - L weeks wear (1945)

Conditions: H at CT 300 (60 min.); 90°F, 65% R.H.

1-1/2 Layer (CC-2 impreg, shorts)

Date Started: 8/21/45

Suit No. of ﬁp.
Type Tolerated

Readings (Hours after last Exposure)

eh

48

!
1
{ 1

Plain 3 ' E psh,sc,dth ' § sh,sec,dth,kn )
! E° ne,st,ash,athi, ' E° umar,cf,athi,ale,Cy (96 hrs.)
! kn,ale,Cy !
1 1

1 ! E pne,psh,sc ' E ne,st,sh,cf,sc

' E° ane,st,lne,ash, ' E° el,Cy,dth
! umar,cf,Cy,dth !
t 1
1 1

Cloth 2 'E psh,sc,dth,(‘7 ' E psh,sc
! ne, st ' E° pne,Cy,dth
1 1

Patch 2 ' E sh,cf,kn,el,sc ' E sh,aar,cf,kn,sc,st
' E° ne,st,umar,athi ' E° ne,umar,af,athi,ale,Cq,dth
! ale,paf,Cy,dth !
t 1

. 1 1 -

Rubber 2 ' E kn,psh,sc ' E psh,sc
' E° ne,st,ash,unar L asli,wnar,cf,abd, thi,kn,pop,
' of,abd,thi,le, ' ple,paf,Cy,dth
' pop,paf,Cy,dth !
1 !

Patch 3 ' & psh,sc ' E psh,sc,dth
! E° ne,st,el,Cr,dth * E° ne,st,ash,aar,cf,kn,Cqy
£ pthi,pop,ple ' (96 hours)

Av, 2.2
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Table XXVI
Carbon Rayon 6 - 6 wee g

Conditions: H at CT 300 (60 min.); 9O°F. 65% R.H.)
1-1/2 Layer (CC-2 impreg. shorts)

Date Started: &/13/45

Suit ' No. of Exp. Readings (Hours after last Exposure)
1

1
Type ' Tolerated ! 2 b L8
1 t
Cloth 1 ' E psh,el,sc,dth 'E ne,st,sh,cf,athi,kn,ale
Patch ' E® ne,st,ash,cf,dh, ' psh,sc,dth,pop
! wr,vth,athi,kn, 'E® 1tli,vth,abd,el
1 ale 1
1 1
1 ' E psh,sc 'E psh,sc,dth
"'E° dth 'EC pne,st
! 1
t 1
Plain 1 ' E sh,pne 'E sh,athi,kn,sc
: ' E° kn,par,el,sc,dth 'E° ne,st,ar,cf,ale,el,Cy,dth
1 1
1 ! E ane,psh,sc 'E ne,st,cf,psh,sc
' ¥° st,lne,cf,pne, 'L° ash,aar,el,Cy,dth
] 1
! pat !
[ [}
Rubber 1 ' E sh,paf,par,sc 'E_ne,st,psh,sc,dth
Patch ' E° ne,st,aar,cf,fa, 'E° ash,cf,vth,kn,el
i N !
. vth,el,07,dth ,
1 " E sh,pne,Cy,sc,dth ‘E ne,st,sh,aar,cf,kn,paf,Cy,
' E° ane,lne,st,ar,cf, ' sc,dth,pihi,pop,pls
! fa,el,pthi,pop, 'E® 1th,athi,ale
ple .
Av, 1.0

CONFIDENTIAL



Table XXVII

Carbon Rayon #190 ~ 4 weeks wear (1945)

Conditions: H at CT 300 (60 min.); 90°F, 65% R.H.
1-1/2 Layers (CC-2 iupreg. shorts)

Date ' No. of Exp.! Readings (Hours after Last Exposure)
tvarted ! Tolerated ! 2 ! 48
1 t 1
8/28/45 ! 2 ' E sc 'E_cf,kn,psh,Cy,sc,dth
! ' E° umar,cf,ax,athi, 11° ne,st,ash,aar,wnar,ax,
' ' kn,psh,Cy,dth ' vth,athi,ale
H 1 1
1 i 1
9/12/45 ! 3 ' E sh,ef,athi,kn,ale 'E ne,st,sh,aar,cf,af,thi,
! ' paf,sc,dth ' kn,le,pop,Cy,sc,dth
! ' E® ar,lth,vth,el, ' (72 hours)
! ! pthi, pop,ple !
1 ! t
! 1l ' E sh,paf,sc,dth 'E psh,sc,dth
! ! E° ne,st,aar,cf 'E° ash,cf,par,pthi,pop,ple
1 1 1
! 3 ' E athi,kn,sc 'E sh,umar,cf,thi,kn,le,pop,
' ' 82 ne,st,cf,sh,dth, ' paf,Cy,sc,dth
! ! pthi, pop 'E° ne,st,aar (72 hours)
t t 1
! 1 ! E sh,sc 'E sh,sc,dth
' ' E° ne,st,cf,dth 'E° ne,st,cf,athi,kn,ale,
! ! '  par,el
1 t ?
1 1 !
Av. 2.0

CONFIDENTIAL




Table XXVIII

Carbon Rayon {191 - 4 weeks wear {194L5)

Cone ditions: H at CT 300 (60 min.); 90°F, 65 % R.H.
1-1/2 Layers (CC-2 impreg. shorts)

Ditee T Ho. of Exp. ' Reacinpgs (Hours after Last Bxposure)
Staz xted *  Tolerated ! i 24 ! 48
1 1 1
88 &5 * 2 ' § cf,kn,psh,Cq,sc ' E sh,aar,unar,cf,athi,kn,
' ' E° ne,st,ash,aar, ' pne,Cy,sc,dth
' ' umar,vth,thi,le ' 19 ane,line,st,ax,le,pthi,
) ' pop,paf,dth ' pop
1 1
1 ! 1
91=2f45 * 1 ' E dth ' E psh,sc,dth
! ' £ sh,cf,paf,sc ' E® cf
b} 1 1
' 1 ' E paf,psh,sc,dth ' E sh,sc,dth
' ! E° ne,st,ash * E° ne,st
3 1 ]
' 3 ' & sh,ar,cf,paf, ! E sh,ar,cf,th,abd,thi,kn
M ' se,dth ' le,pop,paf,sc,lum
' ' E° ne,st,umar,lth, ! (72 hours)
' ' vth,abd,thi,kn, !
' ! le,pop,el !
T 1 1
! 1 ' E psh,sc * E psh
' ! E° ne,st,ash,el, ' E° ne,st,el,sc,dth
' ' dth '
? 1 !
Av. 1.6

CHWBFIDENTI AL



Carbon Rayon ;4192 - J weeks wear (1945)

Conditions: [l at CT 300 (60 min.); 90°F, 65% R.H.
1-1/2 Layers (CC-2 impreg. shorts)

Date Started: 8/28/L5

No. of Ixposures iteadings (Hours after Last Bxposure)

1
Tolerat.ed ! 2L ! 48

1 1

2 ' E psh,sc 'E ne,st,sh,C7,sc
' i° ne,st,ash,aar,cf, t £° aar,umar,cf,athi,kn,
! athi,kn,ale,el, ! ale,dth
' Cy,dth '
1 !

1 ' E kn,psh,sc ' E cf,thikn,ple,pop,Cy,
' E° ne,st,ash,aar,cf, ' sc,dth,psh
! athi,ale,Cqy,dth. ! E® ne,st,ash,umar,aar,ax,
! pop ! lth,ale
! 1

3 ' E psh,sc ' E (with crusting) psh,sc
' E° ne,st,ash,athi,kn ' E ash (120 hours)
! 1 EO st
1 !

3 ''E s¢ ! E psh,sc
' EO ne,st,athi,kn, ' E° kn,Cqy,dth (120 hours)
! psh, Gy, dth !
1 1

2 ' sc ' E sc
' E° ne,st,thi,kn,pop, ' E° ne,st,c{,athi,kn,psh,
' ple,psh,Cy,dth ' Gp,dth

2 ! E psh,sc,dth t E ne,st,aar,cf,athi, kn,psh,
! E° ne,st,ash,ar,cf, ' Cy,sc,dth
' athi,kn, G, ' E° ash,le,pthi,pop

v, 2,2

CONFIDENTIAL




Table XXX

Carbon Ravon #193 - 6 weeks wear (1945)

Conditions: il at CT 300 (60 min.); 90°F, 65% R.H,
1-1/2 Layer (CC-2 impreg. shorts)

Readings (Hours after Last Exposure)

Date ! No. of Exp, !
Started ' Tolerated ! 21 ! LB
t 1 1
8/13/15 1 ' E psh,su 'L ne,st,sh,cf,sc,dth
! ' E° ne,st,dh,wr,par, 'E® fa,dh,wr,abhi,ki,per,el
' ' el,Cy,dth '
1 1 1
' 2 't 5° st,kn,psh,sc,dth 'E psh,sc,dth
! ! 'E° st (72 hours)
t t 1
1 1 1
8/21/45 ! 2 ' E ne,st,sh,cf,sc 'E st,sa,cf,sc
! ' E° umar,athi,kn. 'E® ne,umar,ar,othi,kn,paf,
! ! af ,Cr,dth toel dth
. . pal,tn, . ;G7’
! 1 ! E psh,sc 'E ne,sh,sc .
! ! &0 ne,st,ash,kn, 'E° st,cf,thi,kn,le,pop,Cy,
' ! par,el,Cy,dth, ! dth
! ! pthi,pop !
t 1 1
! 3 ' T kn,psh,sc 'E sh,cf,athi,kn,ale,sc,pop
! ' &° ne,st,ash,cf, ' (96 hours)
' ' athi,ale,Cy,dth 'E° ne,umar,paf, Cy,dth,
! ! ! pthi,ple
1 1 1
! 2 ' & kn,psh,sc 'E sh,ef,kn,C;,sc,dth,pop
! ' E° ne,st,ash,cf, 'E° ne,st,umar,aar,thi,le,paf
! ! athi,el,Cy,dth !
1 t ]
! 2 ' E psh,Cy,sc,dih ' sc
! ' E° ne,st,ash,cf,kn 'E sh,dth
' ' 'EO cf athi,kn, Gy
! 1 t
! 3% ! B sh,cf,athi,kn, 'E kn (96 hours)
! ! le,pne,el,sc,dth '¥° sh,cf,thi,le,pop,sc,dth
1 t ]
Av, 2.Q¢+

CORFIDENTIAL



Table XXXI

Spun Rayon -~ 3 Weeks Wear (1945)

Conditions: H at CT 300 (60 min.); 90°F, 65% H.H,
1-1/2 Layer (CC-2 impreg. shorts)

Date Sterted: 8/13/45

E° ane,lne,st,cf, E® ash,ar,le,el,pthi,pop
thi,le,kn,pop,

par,el

No., of Exposures Readings (Hours after Last Exposure)
Toler ated 7 21, i 72
1 1
% ' No Readings E° or ' E psh,se,dth
! Greater t B2 othi,pop,ple
1 1
2 ! E pne,psh,sc,dth ' E ne,st,cf,othi,kn,psh,sc,dth
t 1
1 1
! 1
1 1

Av, 2,0+

CONFIDENTIAL



Table XXXII

Spun Rayon - 6 Weeks Wear (1945)

Conditions: H at CT 600 (60 min.); 90°F, 65% R.H.
1-1/2 Layer (CC-2 impreg. shorts)

Date Started: 8/28/45

No. of Exposures

lieadings (Hours after Last Exposure)

1
Toleratedd t 24 T L8
1 r
2 ' E cf,athi,kn,psh,se 'E cf,athi,kn,psh,c7,sc,dth
' E° ne,st,ax,lth,nle, 'E° ne,st,ale
! el dth !
o ,
2 ' E cf,kn,psh,Cy,sc 'E cf,kn,psh,Cy,s¢,dth,pep
' EO ne,st,ash,ar,ax, 'E° ne,st,ash,ar,ax,thi,le
! thi,le, pop,dth ! . .
1 !
3 ' E kn,psh,sc,dth 'E ane,st,athi,kn,ale,psh,sc,
! EC ne,st,aamaumar,cf, ' dth '
' ax,lth,vth,athi, 'E® ash,pop (120 hours)
' ale,Cy,pop !
1 I
1 ! E sh,pne,Cr,sc,dth 'E ne,st,sh,cf,kn, Cy,sc,dth
' E° ane,st,lne,umar, 'E® umar,ax,vth,athi,ale
! ef,ax,vth,kn !
1 t
Av, 2,0

CONFIDENTIAL



DISTRIBUTION
BuShips

BuMed

OR& T

CO, Naval Unit, EA
CWS, Tech. Div.
CWS, Med. Div.
CWS, Med. Div. FEA
MPRL (Camp le jeune)
NAHT (Bethesda)
UCTL

CONFIDENTIAL
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